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The major research area of this program has been concerned with 

the fundamental acts of crosslinking polymers by high energy ionizing radiation 

and the dependence of the croelslinking efficiency and resulting network proper- 

ties on the state of the eystem and the temperature at the time the crsst3liaEts 

are introduced. 

and all quantitative studies have beera limited to molecular weight fractions 

encompassing a wide range in molecular weights, cryatalliaed under controlled 

conditions. The utilization of molecular weight fraeeiome allows a more quantita- 

tive analysis to be made of the experimental results and the separation of effects 

due to crystallinity and temperature. 

The properties of polyethylene have received major attention 

W e  have shown prevtously that when a comparison i s  made at 130°C between 

the irradiation of a highly crycrtalline and completely amorphoue specimen of the 

game molecular weight, the crosslinking efficiency is greatly enhanced in the 

crystalline etate. 

crossliakiarg efficiency in the crystalline state is drastically reduced, 

portion of the current research is directed to seeMag an understanding of the 

relative changes in croeslinkiag( efficieacy through study of the radiochemical 

acts involved and structural changes that may occur within the crystal. 

However, as the temperature is lowered below Wac. the 

A major 

To thh end studies of hydrogen evolution, formation of - tramrs-finylene 

groupe, and vinyl decay have been studied as a function of radiation b e e  and 

temperature for molecular weight fractions covering the ,range 2,000 to 250,000. 

These samples and temperatures represent a wide range in the level of crystal- 

linity, from being completely amorphous to being about 90% crystalline. 

quantitative mechanism has not as yet been €ormtslatted and developed. 

A detailed 

However, 
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certain salient features have evolved from the studies to date which wil l  have to 

be given major consideration in the development of the mechanisms and the 

arrival at a material bahace. 

of properly accounting for the mechamism of vinyl decay since: there appears to 

be one vinyl group per molecule. 

not only on molecular weight and temperature but a150 on the state of the system 

at high temperatures. The G-value €or the highly crystalline system is approx- 

Srnately twice that €or the completely molten system at 133 C. 

hand the 6-values for trans -vinylem formation are only affected by temperature 

and phase in a minor way. 

sensitive to crystallinity content but are quite temperature dependent, 

on the previous crosslinking results difficultiea can be anticipated in developing 

a simple material balance equation, until the mechanism of the vinyl decay and 

the possible utilization of hydrogen in this process is clarified. One approach 

curre&ly being undertaken is to avoid this difficulty by working with very high 

molecular weight samples where the initial vinyl group concentration is negligible 

and assessing whether a material balance is obtained under these conditions. A n  

unfractionated sample of linear polyethylene, M? = 7 x 10 has beeB obtained 

and prelirniaary studies are underway utilizing this material. 

confirmed that no significant cbain scission processes occur during the irradiation 

One of the major problems encountered is that 

The initial 6-value for vinyl decay is dependent 

0 On the other 

- 
The G-value8 for hydrogen evolution are only elightly 

Based 

6 

It has already been 

of the? completely amorpho11s polymer- 

The concentrations ob vinyl and trans-vinylene groups were measured by - 
infra - r ed rn ethods . 
a function of the degree of crystallinity had to be determined. 

Consequently appropriate extincQfon coeffi ci cnte as 

As a by-product 
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absorption bands caa be utilized to measure the degree of crystallinity over a 

wide range in this quantity and that the results obtained correlate very well 

with other methode. The absorption coefiicientts of these bands as a ~ U R C ~ ~ O X Z  

of te%ipei;a’iure are now being studied to  ascertain whether any molecular Mor-  

mation can be obtained in regard to the effect of temperature om the increased 

crosslinking efficiency in the ctyetalliaa state. 

in whether any modea of motion a re  s~hanced in the c r y s t a l h e  regions above 

9OoC. 

In particular we axe interested 

Previous analysis of the sol-gel cplrvea of crystalline polyethylene irradiated 

at room temperature indicated the strong possibility that chain scission processes 

played an important role aa compared to irradiation at elevated temperatures 

both for the crystalline and amorphous states. This possibility is beimg 

quantitatively investigated by measuring the changes in intrinsic viscosity as a 

function of dose of highly crystalline low molecular weight polyethylene in the 

pre-gelation xegion. 

crystalline polymer e m  be obtaixned for lower molecular weights. 

doiseages required for gelation precludes serious study in the post-gelation region. 

A quarrtitative analysis of the data obtained to date supports the concept that the 

ratio of chain sciseioa to csoestiaking substaatially increase8 in highly cryatallhe 

polymer at room temperature compared to the same quantity at elevated BempeTa- 

This procedure ha6 been adapted since mor3 highly 

The high 

tures. 
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The nuclear magaetic re~onance Btudies, aimed at investigating the 

molecular motions within the crystal are continuing. The results with highly 

crystalline polymers give strong evidence for tho: onset of molecular motions 

within the crystalline aegione at temperatures of about 90-1 OO°C 

quality of the spectra obtained with molecular weight fractions has necessitated 

a careful analysis and modification of the conventional instrumentation usually 

used. 

The high 


